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Introduction

Composite foams have been prepared which incorporate the best aitnibutes of two matenais.
Polystyrene emuision toams prepared by the Unilever method' .Si aerogel. and resole foams
have been studied for use in laser fusion targels? Foams for this application need 'o be strong
enough to withstand machining operations and handling, yet they also require small pore/cell
sizes becaus2 they must hold liquid DT against gravitational forces. These attributes are difficuit
1o achieve in a single foam. The polystyrene emuision toams have the advantages that they can
be prepared easily over a wide range of densities ( 015 g/cc to 0.20g/cc) and are easy to handle
and machine, however. the small cell sizes needed for good wicking of the DT hquid tuel are
difficult to achieve On the other hand, Si aerogel and resole foams have the desired smail cell
51Z0 ( - 01 um), but the matenals are mechanically weak making them difficufl to handle and
machine Using a hackhlling process, wa have been able to make binary composite foams in
which tha colls of the polystyrene emulsion foam have been filled with aerogel or resola foam
These matenals have the small cell sizes needed for good wicking of thu liquid DT fuel and are
rugged and easy to machine

Pwure 1 -hows the typical open cell stracture of a polystyrene emulsion toam ( O 1 g-ce) with a
coll size of about 3™ pm Faure 2 and 3 hows the same foam hackhillied with 51 anreqel at

severpl different concentrations oo Tilling was obLuned down o actogel concentrations ol



around 25mgrcec. Al 10 mgecc there was insufficient Si aerogel 10 compiete fill the polystyrene
foam.

Figure 4 and 5 show the resole foams prepared from resorcinol-formaidehyde and
phioroglucinol-formaidehyde respectively. Ailthough these malenals hlled the cells. the
composite foams tended to shrink somewhat upon extrastion especially at the righer densities of
resorcinol-lormaldehyde. These same charactenstics were reponed earlier for the resole foams?
The phloroglucinol- lormaldehyde filled composite toams showea less shrnnkage and could be
successfully tilled tv lower concentrations.

Deuterum wicking expenments were pertormea al the Natonal Bureau of Stancards on
several ol the composite toams (Fiqure 6) The r ata (Fig 7 8 ) inaicates that the aerogel lilled
composite foam as well as the low de1sily P/F tilled foam wicked the liquid deutenum better than
any of the individual matena’s. 2

Compression tests indicate that the strength of the composite loam as well as itt machinability 1s
determined solely by the strenqgth ot the polystyrene foam.

At the present ime. we are workilg lo broaden the range of compaosite foam densilies and 1o
determine both the chemical and physical properties of these new mat.nals.

Experimental Section
Preparation of the silica aerogel filled polystyrene emuision [oams.

Two stock solulions were prapared: a 250 mi stock solution contaimng 130 4g of
tetramathyiorthosilicate in anhydrous methanol and a 200 mi stock salution conlanwng 48g ol
water in methanol [ qual amounts of solution of the stock solutions were mixed and dilutad with
additional methanol (or methanol and toluene) to qive the des'red density of hiler | or example.
100 mqlch siica hller (Fiqure 1) was prenared by mixing 20 ml of each stock solutions with 10 mi
of toluena  The polystyrene foam was immersed in the solution and trapped ur was removed from
the foam by drawing a vacuum over (he solution  Alter tha toam was satuated with the soltion
thrae drops of catalvat (edher tlaarobonc acd or concentrated ammomum hydioxide) were added

to the solution 1o mhate the polymensation  Genetally. the gelation ocecurred withsn dh The



excess gel was removed from the surtace ol the foam: and. the foam was placed in a Polston to

remove the solvents from the ga! network.  After a week of liquid CO» extraction, the carbon

dioxide was supercritically extracted Lv raising the temperature ol the Polaron to 40C and

1400psi The CO» gas was then vented sicwly overnight .

Preparation ot Resor nol-formaldehyde filled polystyrene emulsion foam.

To make a 6 wi% resorcinol-formaldehyde foam. 3.25 g resorcinol and 0 059 sodium carbonate
were dissolved in 509 of distilled water ‘Nhile stirrng, 25 mi ot 1sopropyi alcohci and 4 80g ol
37°% tormaidehyde were added. The solution was ptaced into a boitle. The polystyrene foam was
/mmersed n the solution and trapped air was removed from the {cam by drawing a vacuum over
the solution. The bottle was capped and placed in a 70C oven for a week 10 cure. Tha reddish-
amber gel was removed Irom the exterior of the foam and the solvent exchange process was
bequn. Firsl, the tilled foam was placed in a 5% acetic acd solution at 50C for 24dh The acid
solution was than replaced by methanol. The methanoi was replaced with fresh metharol every
day for at least one weak The toam was placed in a Polaron to remove the solvents from the gel
network. After a week of iquid CO5 extraction. the carbor dioxide was supercritically extracted
by raising the temperature of the Polaron to 40C and 1400psi The CO, gas was then vented

slowly overmght

Phioroglucinol-tormaidehvde fillad polystyrene emulsion 1oam.
The phloroglucinol-formaidehyde lilled foams were prepared in the same manner as the

resorcinci-formaidehyde foams except phloroqlucinol was used in place of resorcinol
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Polystyrene Emulsion Foam
Density = 0.1g/cc

Figura 1
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Si Aercgel Foam
in Polystyrene Foam

25 mg/ce SIO foam
in 0.1 g/cc PS foam

10 mg/cc SiO foam
in 0.1 g/cc PS foam

Figure 3



Resorcinol-Formaldehyde Foam
in Polystyrene Foam

6 wt% R/F foam

.n 0.1 grec PS foam

4 wt% R/F foam

in 0.1 g/cc PS foam

Figure 4



Phloroglucinol-Formaldehyde Foam
in Polystyrene Foam

7 wt% P/F foam

in 0.1 y/cc PS foam

2 wt% P/F foam

in 0.1 g/cc PS foam

Fiqure 5
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Figure

Composite Foam
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